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(54) STAGE CONTROL METHOD AND SCANNING ALIGNER 



(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the excitation of high- 
frequency oscillation of stage due to acceleration, by a method wherein a 
stage is continuously accelerated while increasing the time variation rate 
from the second value to almost zero from the fifth time to the sixth 
time for almost zeroing the acceleration of the stage in the sixth time. 
SOLUTION: For the stage control in Y direction, as for the functions of 
the time t, following factors are to be taken into consideration, i.e., Y 
position Y (t), Y directional velocity VY(t), Y directional acceleration a (t) 
and Y directional jerk Jy (t) from the acceleration starting time ts (=t10) 
as the first time to the acceleration finishing time tE (=t14) as the sixth 
time. Firstly, during the acceleration starting time t10 to the acceleration 
finishing time t14, the term from the time t13 to the time t14 is set up as 
the increasing term of the jerk Jy to zero. Besides, jerk JY (t) in 
respective terms is set up as the linear functions JLY (t) of the time t. 
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jijt E ( = t 14 ) &x-com<DY{mY (t) . ^-?j y (t) *^th. zzx\ ztit><Dmzte. 

jgv Y ( t ) . Y^ftflnarjgay ( t ) . RX/YjjfaiS 

Jy ( t )=d(or Y (t))/dt = d« (V* (t))/d*t 

= d3 (Y ( t ) ) /d3 t •■■ ( 1 ) 

t u 4wiBfc*jv^-c. ^>-^Jv ( t) #0^*1 -v-^J y (t ) ^o^TJiJa-r^^hLr. B#S»Jt 

LT^«p*Jt 1 i4W«HHI&. ^>-^Jy (t) tfO tcfctt*^-? Jy (t) SBtffltmiXKIRJ 

a-cM^ifflrafcLT. fifSJt n K»3matL L y (t) tss-rs. 

tcO^Jt 12 4T'<50fflra*. (t)#<oa» [0048] 'TZcfr'h. G33 ( A ) l,Z7jk£tl&£ 0 ItZ^ 

Jly ( t ) =a n t+b„ (t 10 ^t^t u ) -(2) 

Jly ( t ) =a 12 t +b 12 (t n ^t^t 12 ) -(3) 

Jly ( t ) =a 13 1 +b 13 (t 12 ^t^t, 3 ) -(4) 

Jly (t ) =a 14 t+b 14 ( 1 13 £ 1 £ 1 14 ) - ( 5 ) 

KR5&*-&. ZZX\ an. a 12 . a 13 . a 14 , b M . [0 04 9 ] *^SW:^^I1 

bi2x b 13s b 14 

(t 12 - ti 0 ) < (t 14 -t 12 ) -(6) 

k ltv^ . ifL(±. mmTm(r>tm&(om^mm. ioosoi .libo ( 2 ) ~ ( 5 ) inizm^x , jrx 

JPIt, t 4-CO«rHt-Hi-»=fli*L» JPSE^THmo^-v ly ( t ) , &J£V lv ( t ) , RVQ.WY L ( t ) ZHtib 

yC^T S^iSlSlft^^SrWJ-f ^^^T-ft & . [0051 ] -ttrbt* W&WLaw ( t ) li. 



«LY 


<t ) 


- (a,,/2) t2 


+ b 


,, t + c u 














(ti,stst„ 


) 


- (7) 


«LY 


(t) 


= (a 12 /2) t* 


+ b 
















( tn^tStu 


) 


- (8) 


«LY 


(t) 


= (a 13 /2) t' 


+ b 


13 t + Ci3 














( ti 2 StSt 13 


) 


... ( 9 ) 


«LY 


(t) 


= (a,«/2> t» 


+ b 


14 1 + c 14 







( t 13 £t^t 14 ) -(10) 
(H3 (B) «H) . c n . c 12 . [0052] 4fc. 3&gV LY ( t ) tt. 

V LY (t) = (a n /6) 13 + (b„/2) t 2 +c„t+d n 

( t 10 St^t n ) -(11) 
V LY ( t ) = (a 12 /6) 13 + (b 12 /2) I 2 + c 12 t + d 12 

(t n St£t l2 ) -(12) 
V LY (1) = (a 13 /6) 13 + (b l3 /2) I 2 +c l3 t + d 13 

( t 12 ^t£l l3 ) -(13) 
V LY (t) = (a 14 /6) I 3 + (b 14 /2) 1 2 + c 14 l + d 14 

(t 13 ^t^t 14 ) - (14) 
ttth (03 (C) mk) • <I<IT\ d n . d 12 . [ 0 0 5 3 ] <4SY L ( 1 ) «\ 

d 13 . d 14 J«l»«R-Cftft. 



Y L 


(t) = 


(a„/24) t« 


+ (b,,/6) t» 


+ (c 


n/2) t* 






+ d u t + e n 


(t 10 £tSt 


ll) 


■••(15) 


Y L 


(t) = 


(a I2 /24) t« 


+ (b 12 /6) t« 


+ (c 


lf /2) t* 






+ di 2 1 + e i 2 


(t„stst 


12) 


•••(16) 


Y L 


(t) = 


(a 13 /24) t« 


+ (b, 3 /6) t3 


+ (c 


is/2) t* 






+ d i3 t + e 13 


( t 12 ^tst 




■••(17) 


Yl 


(t) = 


(a„/24) t« 


+ (b,«/6) t» 


+ (c 


m/2) t» 



(8) PJ2 000-40658 (P2000-40 65 



+ d 14 



<3> ( 1 1 ) 



H2S«li ( t ) i)K 

( t i o ) = JlV ( "t j 4 ) 

( t u ) =a LH ( t ]4 ) 



= 0 
= 0 



ktah (03 (D) . ZZX\ 

e 13 . e 14 {2^#-^$rc£>£. 
[0054] i^LT, ZObtytUZ ( 2 ) ~ ( 5 ) 
(7) - ( 18) 5^<7)2 0ffl<50^iSca li . b,i, 
c,i. d a . e,i ( i = l~4) 5r, JSIT<752 0«<0* 

(03*JH) . 
® ( 2 ) ~ < 5 ) sSKfcWC. £*v-? J lY ( t ) 

ffl) . *f£> J L v ( t, 2 ) =0 [m/s 3 ] TS>*^ 
t. 

© (7)~ (10) Afz&tvc, 

J LV 
«LY 

©jpaEm^*. ■r**>'fe^jHt I0 Ki3tt*aK*v I0 

V lY (t 10 ) =Vi 0 [m/s] , 
V L y (t 14 ) =V H0 [m/s] 

®MBi§Jf&fl*tf>Y L fMKrYiofcU InaWfT^Yi 

Y L (t„) =Y I0 [m] , Y L 
X'hhZk (*»*tt2«) . 
[00 5 5] KLho J: 3 KLT. Y^fatoDPMSix-C^ 

*vvKjB-c«flBYfflai (=y„ ) AtfUJWY^rws* 

(=V 10 ) CJ)l»'>x>'NX7 i -^4 4Sr, Y^ft^-v- 

i?j y (t) z^mzmsm&ito'i. mmcom\ 

( = 1 14 ) fcWSoYffit ( =Y 14 ) "CBrH^Y^tojl 
« (=v B , Y^risjs**-? J » (t).Y* 

fiSPilSay ( t ) . Y*|6]3t*V Y ( t K &tf Yft 
HY ( t) <7)—Mfim£&. 

[0 0 5 6] mz, m4lZ7p2tl&£o%. B*£>Jt 10 * s 

mm t lz &x'<v 1 1 2 ^iss'j t ,4 £ 

J, (t 10 ) =J LY (t 10 ) =0 
a Y (t 10 ) =aLY (t ]0 ) =0 
V Y (t 10 ) =V L , (t 10 ) =V 10 [m/s] 



(t 13 =StSt M ) -(18) 
. t 12 , t l3 X'&&k%&; 



(14) jStCfcV^Ts jt£V LY ( t ) 

i2s t 13 x'm%b%zzt <«#*fr3 



( 1 5 ) ~ ( 1 8) 5$fc*3lvC, ®M.Y L ( t ) #>\ 

a) . 

[m/s' ] , 

[m/s* ] -(19) 
fcU illjS^OlWaE*. -«r*>%"**t,«fc:*i»tfti« 
J&£V W0 [m/s] i: LT. 



(20) 



(t 14 ) =Y 14 [m] -(21) 

ttii-cti«8Yfii[« (=y 10 ) ai/WYtiiiaii (=v 

„) fc&ix^-yfc. Y#rt5*r-?J Y ( t ) £«f 

nwtasiBWfcs^o, mm^m ( = t,« > tcmM 
oY^aa ( =y,, ) •cma<oY^isj3tE (=v H0 ) t-r 

Y*(6J^>-^ J, ( t ) , Y^ftflBMJga 
y ( t K Y*|K|ja*V y ( t ) , &X/Y&SY ( t ) 
«rMt 10 *^B#*Jt 12 ^T<^WISI 
Cfcft*. Y2ffa>">-? Jy (t) . Y^ftflB&Jga 
y ( t ) , Y^ftjSSVy ( t ) , RXf Y&WY ( t ) 



[m/s 3 
[m/s 2 



Y (t 10 ) =Y (t 10 ) =Y 10 [m] 



Jy 

«y 
V, 



-10 

( t 12 ) — J[,y 

( t 12 ) =« L y 

(t 12 ) =V Ly 



(22) 



(t X2 ) =0 [m/ S 3 ] 
( t 12 ) = a u [m/s 2 
(t 12 ) =V 12 [m/s] 



] 



Y (t 12 ) =Y (t 12 ) =Y 



1 2 



<?msmx-foz>. 

[00 5 7] UiUfitX. 



[m] 



(23) 



YfiiY ( t ) 
Y ( t ) = A 17 t? + A 16 t 6 
+ A 12 t 2 +A n t 

k-tiztizi (22) iims (23) mm&t 

hYJiWJ*-? Jy ( t ) % Y^fafloatta 

y ( t ) . Y^rwatRVy ( t ) % Ri/YiasY ( t ) 



t 5 +A l4 t« +A 13 t 3 



+ A 15 

+ A 10 -(24) 

*mi1rhz.ktfx;%h. 

[0 0 58] -r&trh. ( 24) jSX'mZti&YiffiY 
(t) ZMVm-frLX. 



V, (t ) =d (Y (t) ) /dt 
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= 7A 17 te +6A 16 t 5 + 5A 15 t 4 + 4A 14 t 3 
+ 3A 13 t 2 +2A 12 t + A n 
a Y (t ) =d (V Y (t) )/dt 

= 42A 17 t& +30A !6 t 4 +20A 15 t 3 
+ 12A 14 t 2 +6 A 13 t + 2 A 12 
J Y ( t ) =d (a Y (t) )/dt 

= 210A 17 t« + 120A 16 t 3 +60A 15 t2 
+ 24A 14 t + 6A 13 

£3<£>, (24) - (27) *(C**Vvc. ( 2 2 ) 

V (2 3) SSr»J£-r*flaRA 10 --A l7 «:ifc&r*ii: 

te±0. l*Mt 10 frfeBS3Bt 12 4WY*m>?-ir-^ J 

y ( t ) , Y*rt*a«fl y ( t ) , Y*rftjaav 

y ( t ) . ai/YfirgY ( t ) «rittW-ti fc**C* 



(25) 



(26) 



- (2 7) 

[0059] ttz. &mt l2 frt>mMt u&vcommz 

Y*m^-^J Y (t) . Y^TIfijJPiSJKay 
( t ) . Y#m»KV y ( t K RTSY&WY (t)W 
»J£^S*IKftfHi. **Jti2fe*»t* (23)*. 



Jy ( t i 4 ) — J ii (ti 4 ) — 
«Y ( ti4 ) =«LY ( t I4 ) = 
Vy (t,«) = V L y (t 14 ) = 

Y (t 14 ) =Y (t 14 ) =Y 14 

[0060] LtzifiiX. Y01Y ( t ) Zimtf8® 

Y (t) =B 17 t7 +B 16 t<> 

+ B 12 t 2 +B n t 
fcU ±SikmmteLXmWLB u >-~B ll t:Vife1-&Zb 
fcJ: 0 . (23) sttV (28) ttmfZ.-? h YHfoV 
*r-9 J Y ( t ) , Y#|6]flDj&&ay ( t ) . Y^|tjj£ 

ffiVy ( t ) . m/Yimy ( t > £• m&tz> z t a*r 

[ 0 0 6 1 1 z 0 Lx&tbtz. YumzmttxT—i^ 
commit htz -> x ixmtc&mMm.izm'j^x x -f- : jv> 

itiftisMfttimk Lx^z><nx\ mmTmztmz 

XT-iSn&fflmWMZWffl-t&Z k tfX'Z h . Z cote 

*. mmiTft&frbm&-t'<%m5mfgiiM<-r&z 

[0062] &tz, x-fimzmthXT—ismmz-o^ 
x<&m%&vimM.i> . ±ie^Y^-ifi]oxr--i/$fjfflii;isi 

xmzm?z>x?-iwwiz^xi^%&Mmmizm 

-3\->X. XT-VtOX-X&V&mifflWr&ZklzJ: 
r) is*-7comm$£it£&Wimk-f&kkt>i,z. 

- 7 ittnmsmfv*-? wner>mis<7>*ti-&iiz& 
^x : J^~^<omm^itimmm^mb lx^&co 
x\ wmTmz&ft&xr-isnnMis&miffim-t 
&zkffX'*&. zcom%. mtitrr^j^phmkt^ 

[00631 W:. J^trKWUfc^-^WW^BOI 
£>» l^^c?;Hsax7 1 -^*14S.l^ , >xyNffl!|x-r-> ; <7)SfJ 



0 [m/s3 ] . 
0 [m/s 2 ] , 
V H0 [m/s ] , 
[m] 

k%&7 <zmm. -ttc*>1b. 



(28) 



+ B 15 ts +B 14 t* +B 13 t3 

+ B 10 ••■(29) 

Wteowc, 05&V : 06 *mkLXfflftt&. 
[0 064] ZZX'it, i yxj\X7— i J4 4&.tfl/1-7 

)mmxy—-j34*K msizmzix&xoz&tMtiz 

WJCLfcBflMfcai (BflHffiROiSISIWSHfc) Sri: 0, tS 
*i:l,TH6lcwS*i6J:d«rlt*fi«Ef <7><M> (£ 

J-^8S 1 , S 2 , S 3a*?£6ERft$*U>*&£-£0!li L- 
T«W4. »Bfc(±ll*««Ef«»ihL. •> 
iAXf-y'4 4 (Wa) a*^SH~ &<! fc^J^Tjfe 
aE*^n^^s 06Tiiffi!a±^X/stfi?il:U Sg3t 

5 (A) — (C) fc*JWT\ 8Wft««rS, ttttttSBtt 
05 (A) ~ (C) CiiOT. B#^T 
o li»fc*t*>'H -y K05fe»E«3l£fc*J»t&JlOjW9iai«r* 

l, T,,iBj@iMHfcsKU t 2 umjtmmz^L. T 

[006 5] HmkLX, ->XA^f-^4 4l:if$ 

nimmhffli (TZ&mm&m) izimLx^hhcok 

[0066] Zcr>tf.mX\ MB^I!)jISI^§5 5 0«i, 
#B^>-3 -y h^S 1 (ni^&ftntzfrcotmwmiz 
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feftS. V„ji (t ) (=0[m/s])«; 

ssfi^<iv WY (t) zan-rz,. .loj&£j^hiv hy 

(t) ti, LTi*5£ 

[0067] Siting ybffl&Sllzmt&Tgg: 
*i*J:3te. Y^iio&jgv* (t) *V, 0 [m/s] 
V, ( t) SO [m/s] *^V B0 (t ) ^JOiS-rS. 

(tio) =Lyo, L Y 
Vy ( t 1Q ) =0 . Vy (t 14 

[0068] .13 Lx&bixtzmm&<?>ft<vYXfam& 
Vy ( t ) i mftcom 2 <7)&mm&mi%s 5 o & v 

iiy (t) fcLT»£U <IftW£tT. fT56O02cO^ 
xy^7 i -> ? iSEK»Mai*5 2Ytt. 05 (B) <7)SfWl 
iMLy (t ) ib&£olzVx.'^ : r-- i J44i: + Yjj 

V RC (t ) ="4Vy ( t ) 

J:at^ »«B«flE«*«5 03W^UfeV HY (t) *4 
«L/eBSOUKV R (t) fc-Tftkfcfcfc:. (3D* 
^tt^IEflrefSSrP I OYfcjIflHSffiR 

/I/fflttXr-^3 40Y^^^i!l**J^€)«I^(- 

io. 05 (o tc*$ix^a^ffigL R c (t ) <rmm 

[00 7 0] U*?)UtmAr--iS9im&5 6 

(i x ^ X y N xf--> ; 3lS*Jffll^5 2Ytc:J:^^a:>'NX«r 

T> ^xyuf-y4 4ll *<02JDiffi»Tffl:B (= (L 

xo> l y1s ) ) RzszcoDmmTmm < = (o, 

V wo ) ) Xs+tnVfflM^-iSSete. 
ZcomimT&W. ( = L RC1S ) 2SK/-e<0*6W»TiSJK 
(=V R0 = -4V H0 ) ££6. 

[ o o 7 2 ] mz . mmmmmmiSs son, b* iht 

wx (t) ( = 0 [m/s] ) , &tfatt»4*«V 

wy (t) (=V W0 [m/s] ) Sr!JMrf&. ZtltZJ&t 

X . ^xy^f- S/4 4 h Uf-?;U8Hft*T-—> ? 3 6 fc 

Xf- ^'4 4 Rtf V^?/Uffii&X<r- 5/ 3 4 izmm LX 

\s*ini>mm?s7—i?3 6\tz^Lx^&wm<r>i&wt 

X. ^XAXf-y4 4ll *^»Tffi»(= <Lxo> 
Ly 1T ) ) fcMS. 6 
fcL *<9»TffiB ( = L RC it) ) KM*. Ztlt><V»T 



**. zcD+YXft^MmMmtz&if&tomz^ 
x, mftcoAT-itfflmcoimizm^x. Yxmzm 

&>h 9 z<7)mm^w^co^-^mm^wM<^>mm^z 

( = t 10 +T 0 ) ) =L Y1S , 
) =V W0 - (30) 

[0069]-^, ZCDbZ<7)U^?)\sW$)XT-iS3 
4OY*fo<0B««tftHL H5(C) fc^SWL 
rc ( t ) Xfo&bK t^^ffllftX'r-^3 4C0SSY 
*I&iaHSVRc (t) tt. »>xyNXx—>*4 4c7)a«Y^ 
|6ji£JKV y ( t ) . 

•••(3D 

{4Bj&*. II 5 6 &C;f3VvC{£B SI a£ LT^£fl 
[0073] JSUtcOi 0 4»36««E f <7>&btfi)5LOtp> 
SRPJ8R1 2^JJ3^^fflS!B3teI L*>>*? 

[0074] 9i«st». «ffi»»a«ate»5 0tt. m 

ffiV gx (t) (=0 [m/s] ) . ZK/aLKf&*ffiV HY 
(t) ( = V W0 [m/s] ) £UWr*N&. «IfltCJt5b 

uzio^^^R±^mmmt^mPM^ti. \s+?)v 

yNXir-^M4tV^^;US^X7 L -> ? 3 6iiY^S: 
g -y MH«S 1 O^MB^S 1 b(d*^> 

3lE«3HHia*«»T't6 i: . HHH* 1 2^*3effl<OB8«3t 

[0075] <x^s i9iE^a&as^f§ 5011, WSfeO 
^3 v hm^^tz^^^^y^Rx/msMmz^f 
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■th. ztit><?>mgm^m\ r wx (t ) &x/mmm^mv 

[0076] 5SJS*M^<IV BX ( t ) <7)-*)to-ftZW, 

B M~f~z> . Suisse a -y hmmzffl-r&7g&m%,fim 

T-T&fc, 05 (A) <7>B*HT 3 coMffllzti^X , X^r 
X^rrSliUSVx (t)**0 [m/s] tfcO, X 

■XiS}'\<r)&m%:Tm<7)xi}ftmmv l < t ) #o [m/ 

s] T'^l.^^fe&^'C, B#^T 3 OffifS!H:{J:05 

5 (a) T<i> SD^wraT a co*§T<7)f*-r<'^^«ra 

T d #HH4&-t&,Ii2: I/O****, M$IS|T a 

^st 0 b^zmnhzb^mx-hh. 

[0077] -ZLX. 'J?%< b hWMmfflTi Con 

■c. mm<r>x : f— : Jv\m<^WMi,zm^x , x^tsjic^ 

L x ( tj 0 ) =L xl o , L x 
Vx (t 10 ) =Vx, 0 , V x 

zm&&tt-tLxmm-f&. £iscl x10 , v xl0 
[0 0 80] 4fc. MtlillT a ^^cox-x-^j 

Lx < t 10 ) =L X0 , Lx ( 
V x (ti 0 ) = 0 . ( 

tm&3kn-bLx&m-f&, 

[oo8i] ;3 Lx'i%t>titzmma.coft. x^mm 
v x ( t ) zwtiZicom 2 co®mm&%±5% 5 o 

^1V MX (t) hLT?g£-r&. 
[ 0 0 8 2 ] »:(^ &g^ffiv wy ( t ) co^^rSrUi 
Stl. „ SfS 1 3 h^CM-r^^ESlTt*^ 
Tfr'frrt&i:. 05 (B) td^^iT.I»<J;otc, ^fISIT 

3 commiza^x. Yirm (7£&frfo) (cov^-c^H) 
m^coY^mmy, <t> *<v wo [ m / s ] (■$-* 

ft6'?x,'N*7 1 -^4 4<75^ij3Lg) Y 
Lf ( t 10 ) =L ylE , Ly 
V, ( tio) =V», , V Y 

*?TY{Jg 

L V2S :m2§e«0>'3«/MRlS<0^cS3fc<0!ti6f9# 
jS^iSSS&YfiiH 

[ 0 0 8 4 ] £ d LTf&fcfufcWWfcOrt, Y^f[S]3S* 
V Y ( t ) Sr^iftSJS^S 5 0 W«B6»4rtt V 
■« (t ) tLX%>£th. 

[ 0 0 8 5 ] £ 3 LT^»J3$J£3££SI 5 0***±USi 

jgf^<iv wx ( t > RViamftftrnvw ( t > cjec 

T, luaj«02<7)'>X>'NX7 i -^3$J^$iieP^5 2X(±, 



£>. f^**. -?x/NXf- j^4c9iSW3:j£JBift**|8JII 
T d tZfrbX'&h. 

[00 78] 3r*k M»P]T a (COV^TtB«a;<7)X-r 

-imm<nffl£*Mm^&zt\±tonfttszx'9>h. 

Or&lzli. ffiSfflSITi KWWSJHLfc^fctt/^O 
B§BT 3 cryWmcomimi.Zii^X^^Xy—^AA^Z 

mi lx v >s «*B»*5ec(s««-4 £ fc a*-?* & . 

[0079] «a«BEIT 0 Au&ffi*ax^-S*M»7MK 

( t 14 ( = t 10 +T d ) ) =L X0 + /3 X , 
(t M )=0 -(32) 

"t 1 4 ( = t 10 +T a ) ) =L X i 0 , 

t„)=V sl , -(33) 

ufa'\<7mw>$iTmcDYjj$\&mv i ( t > *^-v 

ho [m/s] S2tB^3'/MWt 

X'fo&'£mtfhh<r>x\ W 3 co^ti-Y^risj^ 

[0083] z\<r>- YXitqwtoWmizisif&Mmz 

twtjx -r- >-*si]fflii=fc >» ^x ffl&mMi ttcz, &mm& 

mizhtz-yxit. my&<7)m.%-tktt-®~~<5>\mmx'hh 
®Rx/axommimzitLx . 

( t 14 ( = t 10 +T 3 ) ) =L Y2S , 

(t„)=-V l)(l -(32) 

05 (A) <50@SWlilL x (t) Srtl-.taiOxyNX 
f- : JA 4 Sr X^|S]^JIDj£ • $jIIBiH-£ fc k fcfc, >7 
x>NX-r-iot«iMfflli65 2Yte. 05 ( B ) og^il 
J1L Y (t) Sri:I.J:3{C^X>'NX7 i -^4 4S:-Y^r 

5 4«± s 05 (C) WBS®1)1L RC ( t ) &k&£ otz 

iv^mx^r- it34&+ y yj^tammmr^ t 

m%&m& 5 2 Yt,z X h VxJ\Xr—iS4 4 coMHEKi 

)vmmx^-^3A<7)tmmmb<r>mmrix^nsL-th 
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[ 0 0 8 6 ] Z o LX. ®fflT 3 cO^^T^^fcV^ 
T, •>xyvx-f-i''4 4(4, ZoyMWkJQM < = (L 
xo + /3 x . L, 2S ) ) RVZ<r)1>\GmT>m ( = ( 0 . 
-V H0 ) ) k&S. 4fc, i/f^^»f-y3 6 

«(=V R0 =4V„) k**. 
[ 0 0 8 7 ] JJcfc, fl5IE»»^JK^tS5 014, B#fijT 

m <t) ( = 0 [m/s] ) . aWBBEflMHIV 

wv (t) (=-v H0 [m/s] ) fcawj-r*. ztitzm 

tX. ^^X=f- s J4 4bV^-9lVWMx ; f- i J3(> 

tmmmm&mzti&. zom&miz&^x. ^x 

T U- f- ? yl/ffit«lX f— ^ 3 6 L T V -> & JgDj<7)(£& 

/3x . Lvzi ( = L Y1E ) ) ) (CMS. ttz. 
»Xf-y'3 6a, -e^Tttfi ( = L RC2I ( = L 
rcib) i*lfe<0»TffiB**, 05RtfB6tc 

[00 88] WB»«6»K«4»5 0tt, 1$ 

ist 2 comm. ttfrhjm&mimz}it,iz>m8Lm& 
ev HX ( t > ( = o [m/s ] > . Rxr&mm^mvw 

(t) ( = -V K0 [m/s] ) SrSttfJ-rS. iixCi 
0 - ®ftm®E f . l^f-^MSiS*^- v-'3 6 , ^XM 
Xf- ^'4 4C0^^T(SI* 5 ^ 3 •/ hfI«S 1 kte^ttfa 
£<O*UBT'(05 (B),05 (C). 13 6 #88) . i' 

->tf i/ 3 •/ h^S 2(7)l/yxht:i/|^^ 
ftS. £ o LT, K*fB«<0«4"&*«^a y MB«S I CO 
9m<OAS2bl,zm.h. 

[0089] Zcoik. #>• 3 -y hffl£e>teft<OWSLMEl 

(b$@t 3 oma) . WMmm («HaT, <d»jis) , a 
tfietafctefflia (bsrit, oaira) k*$vvc % ±20^ 

2*1^^3 -y h®tSc0Jt«X0«^-fc|3l«tL--C, 

XJ^Xf—*S4 4immmZtl. Vf7)VK.±.<?>rt? 
-ytf&isB -y hffl&t,zM>hW¥Z1xh. 

[0090] y±mwttzx 0 *mimmiirt&m 
wx'b<9. <ktommt l zi=\->x'j*-7cotifmz 

ittmtt^imzm h irt&txe. b x \ \ h <ot\ 

*, x^r-^comomT^izmt^x^-^^mm 
wabwvmztiknx. xf-^ss^ <T t > * 

J L y ( t ) =a 21 1 + b 2l 
Jly ( t ) = a 22 t +b 22 



®.<-t&ZbtfX'Z&. Ltl&r>X. $$mBBlz£tL 

[009 1 3 lM2<n9&em> «T. ifWR<n%2<n 

mumm*. m7 &i/m&iz&'3^xm*Jit&. *mm 

3 S.VH4 iztsifh . t , o &B#*iJ t , 4 * -C«0»l 
El) (cfev^T, Jn^i6]C^-ri»> ; -v-^^lE<o^ra 

( m3&vm4 (c*j(ti. » b##j 1 1 0 t n tx-(o 
mm) <n\k. mz>\,zv*t- j ?tf%<wm (H3at^Ei4 
{zanh. mmt l2 frt,mmt lt £X'<oMffl) zmttkb 

fiCOIiZfdtX. Ztl^cr>%m<7>mziS*-?tfO [m/ 

s3 ] (ommzmf&ztizmmzirtz,. ycr. zco 

[0092] *^Jfe)g®c0^3cMII^B(4, H 1 ^ 

mmmtnmc m&<r>m 1 (c^ LJt^^s^s 1 

^ffliftXf— i^'3 4S.0 riJ 7X/NXT-i ; 4 4 WfliBUggi 
[0093] *9m3&UtztsW&X7— : Jfflfflco 

[0094] Y#iai(cH"r*X7 t -y ? *!«tf5»IBfc:*fc 

miwiiifi^flskiiatc fttstcomibLx. m 
i<nvmb Lx<7»ifi&fflttmmt s ( = t 20 )*>^6 
i0B#a k l t wjnaaflFT^j t B ( = 1 2 5 ) t T<oia<?) 

YffigY ( t ) , Y^fl6]^KV y ( t ) , Y^[6]M« 
a ¥ (t) , S.t^Y*|6]>'>-^ J v (t )£#££.. 

[0095] jo3irai&^J t t ,a»6jnasKT«r*i 

t 25 ^rcOH(c:i3V 1 >-C, i^-v-^ J, (t)*<0*^ii 
»rTi»»!P a 1k L-C, anaEra*&^Jt 20 *^m2<o^Jk 
LroiW!t,,*-e«>«Bit. ^>-^J y (t>a*o 
tx^H-hm^ibLx. mMt n fr$>m3<o®mbL 
x<vmmt 22 £X'0mmz®.fe-?z>. zk. v*-?3 
y ( t ) *<o<oi^t lt, mMt 22 frt,m4<ommb 
Lxcommt i3 tx'<oimz®M-t&. §^.(=, 

t>m5<7)mmbLxcomMt 2 t2.x'<Dfflffl£ . tti. i> 
*-9 3 H (t) tfo&xmmt&imbLx. mmt 

^jy ( t ) zob?&Bmt tt t)>t>mtit 23 £x°nm 

(BI&^V>Jt#«ia(C:fc{tSi'>-^ Jy (t)^«f|9t 
cy>l»:3g^JLy (t) (c|5^-rs„ ^rfe, ^Jt 22 at/ 
B$JiJ 1 23 Sr*»Stk L-TlS^-r S . 
[0096] -T^*>. 07 (A) (c^$tlS<t3t^ 

(t 20 St^t 21 ) -(33) 
(t 2 ,StSt„) •••(34) 
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JtY (t ) =0 
J L y ( t ) = a 24 t+b 24 
J L y ( t ) = a 25 t +b 25 
i-IS^i"^* ZZX\ a 21 . a 22 . a 24 . a 25s b 21> 

t>22- ^24- ^26 

( t 2 2 — t 2 o) < (t 2 5 — t 23 ) 

<^-&,Ikl;:J:'K X^- 



(t 2! gtSt !3 ) -(35) 
(t !3 gtgt !t ) -(36) 
(t 24 StSt 26 > -(37) 
[0097] *ttBB!Bt=*JOTtt, 

- (38) 
[0098] ±ie<75 ( 3 3 ) ~ ( 3 7 ) 

Ly ( t ) , issv LV ( t ) . ai^aaYL ( t > 

&k, W.T<r>Xolz%&. 

(t) (i. 



k&S (07 (B) 
c 24 . c„lfll»SRt*') 





[0 09 9] -r*:*)^ J 




<z LY ( t ) 


= (a 21 /2) t2 


+ b 2l t + c 21 








(t 20 ^t^t 21 ) 


•• (3 9) 


«ly ( t ) 


= (a 22 /2) t2 


+ b 22 1 + c 22 








(t 21 ^t^t 22 ) 


••(40) 


«LY ( t ) 


= «23 


(t 22 s£t£t 23 ) 


••(4 1) 


<*LY ( t ) 


= <a 24 /2) t* 


+ b 24 t + C 24 








<t 23 ^t^t 24 ) 


■ (42) 


<*LY ( t ) 


= (a 25 /2) t2 


+ b 25 t + c 25 








< t 24 £t£t 25 ) 


•• (43) 




c 21 - c 22^ 







[0100] mmviv (t){±. 



V L¥ 
V LV 



'21 • 



k=Sr& (07 (O #m?j . 
d 23 s d 24 , d 28 

Y L (t) = (a n /24) t« + 



(t) = (a„/6) t« + (b 21 /2) t» +c 21 t + d n 

(t 20 5tSt 21 ) -(44) 

(t ) = (a„/6) t 3 + (b„/2) t* +c 22 t + d 22 

(t 21 StSt 22 ) -(4 5 ) 

(t) =a 2 3t + d 2 3 (t 22 St£t23 

) -(46) 
(t) = (a 24 /6) t 3 + (b 24 /2) t 2 +c 24 t + d 24 

(t 

23 — "t — t 24 ) 

- (47) 

(t ) = (a 25 /6) t* + (b 25 /2) t* + c 25 t + d 25 

( t 24 ^t^t 25 ) - (4 8) 
2 . [010114ft, fiIY L ( t ) 



+ d 2 it + e 



21 



(b 21 /6) t» + (c 21 /2) t' 
(t 20 ^t^t 21 ) - (49) 



(t) = (a 22 /24 ) t* + (b 22 /6) t3 + (c 22 /2) t* 



(t 21 £t£t 22 ) 



+ d 22 1 + e 22 
(t ) = (a 23 /2) t* + d 23 t + e 23 

< t 22 St£t 23 ) 

(t) = (a 24 /24 ) t« 

H- d 24 t + e 24 
(t) = (a 25 /24 ) t« 

+ d 25 t + e 25 



(50) 



h3r& (07 (D) mm) . e 2lN e 22 . 

e 23 . e 24 . e 25 liS*Sat'J>l), 
[0 10 2] .1 0 LT. HZtbhtltl (3 3) - (37) 
(39) - ( 53) S^2 2»*a«a 2i , 
b 2i . c 2i . ( i = 1 , 2, 4 , 5 ) „ d 2i s e 2i ( i 
= 1-5) RlffimtitAVvrntizk^o 



•••(5 1) 

(b 24 /6) t« + (c 24 /2) t2 
(t 23 ^t^t 24 ) - ( 5 2 ) 
(b 28 /6) t» + (c 28 /2) t« 
( t 24 £t£t 25 ) - ( 5 3 ) 

(D (33) — (37) SCiS^ts J L y (t ) 

#\ B#^ , Jt 2 l. t 22v t 2 3s t 24 

J L , (t 22 ) =J Ly ( t 23 ) =0 [m/s 3 ] X'hhZ 

k (*i^fr4ffig) . 

© (39) ~ (4 3) sSCfcWC. tmfeaii (t) 
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HMHlt 2 i. t 22s t 23 . t u X'mgtb%*). 

«LY ( t 22 ) = «LY ( t 23 ) = «23 [m/s 2 ] 
<lh (Jjt^#4ffl) . 

8(44)-(48)*MW, aLRV Ly (t) i)K 
B*JSt 2l . t 22 . t 23 . 1 24 (SWMfe 
ff4fli) . 

*JlY (t 2 o) = «JlY (^25^ 
<*LY ( t 20 ) ^^LY ( "^25) 

ttchZt («MMfcfr4ffl) • 

(07 (C) £j3l,vt»i. V 20 = O [m/s] ) £ U 
V LY ( 1 20 ) =V 20 [m/s 
V LY ( t 25 ) =V W0 [m/s 

V L ( t 20 ) =Y 20 [m] , 
Vk&Zk («HMfefr2ffl> . 

co 1 03] KLboid^tr. Yjsrr&ifcaittSiiT^ 

fcvvBOB'CWWYffii! ( = Y 20 ) WWY^M 
(=V 20 ) ttl»Xf-^, Y^y>-7J 

Y ( t ) *«fflWfc:a*BWk:$*oo. Bfaoi**! ( = 

t 25 ) ^BfffloYffiK (==y 24 ) -cwa^Y^rsiajK 

(=V H0 ) Y2r|6|>**-? J Y UK Yaffil 

tmma? ( t ) . Y*rtiaLKv Y ( t > . AtxYtoM 

Y ( t ) <7>-mifi-$L±h. 

[0104] mz, msizTskzti&xo** B**jt 20 A* 

^b§#J 1 22 *r^^>-^^«H8BEfliRW«l 1 23*^ 

Y ( t ) =A 27 t? +A 26 t 

+ A 22 t 2 +A 21 t 

J Y UK Y^tVSS&a^ ( t ) % Y*|ftJiSKV y 
( t ) % &tXYffi*Y ( t ) ttt^t. B##Jt 

Y ( t ) = B 27 t? +B 26 t 

+ B 22 t 2 + B 21 t 

J Y UK YXftMXgZa? ( t ) „ Y^ft&JgVy 

u k ai/yamy ( t ) zmfctz . 

[0106] *Hft»JB-C«. ^ 1 <?5«BB»i: H« 

1 6£mr*-ft. -r**>%* wfi»«aflE»**5 0 
a*. fraeoiastcfett&^iaTocoffliaarmiaTa 0 

<iv wx ( t ) &vm98Gftmvn ( t > sraj*r*ik 
[0107] zcom&. m 1 <rmmm t mmiz. m& 



© (4 9) — (53) ^^t, ftfiY L ( t ) 
B*£Jt 21 . t 22> t 23 . t 24 T«itti: (tf#^ 
ff4{@) . 

1 2 0 Jai»Kttlnia»4ff *5 ^"f s 1 2 o"C 

jna*ia*&L-c^jt 25 'ejDji2:»TL, attUMtt 

= 0 [m/s3 ] , 

= 0 [m/s2 ] ••• ( 54 ) 

wo [m/s ] b LT. 



£Y 25 £LT, 



(t 25 ) =Y 25 [m] 



(55) 



(56) 



5«S*iTV^V^«OT'C««BY(tt« (=Y 20 ) AtfMHY 
*I»I5»K (=V 20 ) tCfc^^xyNXx-^4 4 5:. Y^" 

[Sj^'-v-^jv (t) £mf%mizm$£tt.Z'tto^. n 
wmn ( = 1 25 ) cwMoYfig ( -y 25 ) vmmco 
YUfomm (=v wo ) t-ra, Yarms**-* j 

y UK YS-r&aDaKay UK Y^TfSiaSV 
Y UK XtfYffiBY ( t ) Sr. mo£ife»SBi:H 

6 +A 25 t5 +A 24 t 4 +A 23 t3 

+ A 20 -( 5 7 ) 

23 *»<!>«r*Jt 2 B4W»fla^*J*t4Y{aaY (t) *B» 
^C07<RMS5C. 

6 +B 25 t 5 +B 24 t 4 +B 23 t3 
+ B 20 (5 8) 

come t^comiiLSrs^wco^E f tm*)^ 
[0108] &±mm Lfzx o iz, *mtmm#if&m 

(Ti ) ZkiPCZZ. Ltzifi^X, * 
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ma) Wb\zi?*-9ifi%<nwgi (07&t/08 

-flC, Ztlb<mf$COtaiiZiS*-?i! t 0 [m/s3 ] CO 

mm (H7at/ia8tfc^s, ^jt 22 ^^^jt 23 4 

Aatt (v wo ) atttnaw-ikSfc:* g^an&ssr/hs 
[oiio] ±ieconi»gfflT«4. ^xAXf-x<o± 

jmmz&\*XiS*~?tfO [m/s* ] c7)^Sr|ft(t 
4Xtetg^V^fcLft#. —■JjWv-ftfO [m/ 
s3 ] coJWBSriSMt* «5ffc5**-?* c O [m/s* ] 
tf> JHHI HMtfcv fc fc TOT* & • 
[0111] 4ft. ±IB<50HJfc^®T*te. JnattfrtlfcH 
4 ^> - ? j^«WBaV««)fflBlfc:*5 ^ vt . i?*r- 
^^IBBMbS:«^TO*fc<Oi:Lfc36*. 03 (A) * 
07 (A) tc^S^iod. *Hi«T*Sii*^iaSS 
*fc*SJJ!*ft£fcfcTOT*4. CiitcioTfc. $"> 

[0 112] 



[0113] 4ft, »*3l7fcfl54jaaK3iaaifc:«t 

*u*. ifi^i-6^v^rn^^f--^sofw*a^ct 

fc— ^jD5aiB»S:fil»^4«0-C. ^rvhtlfll 
LoojW»*^)||*6* «Ttgk £4 . 

[B i ] * i ^oiairo«^«43eaa»3iasa<o««t 

W«Wfc:*^BI-C*4. 

[H2 3 miwmmiz&v&XT-itfflm&vffi&z^ 

•ryov^H"C*4. 

[03] mi^^®(3fc(t4Xf'--> ? *JfflIOIg^Sr 
RWr4fc*>«0H ) T£>4 (A— D) . 

[04] mi<^lllf^®(Cfeft4Xx-^©J»OffiSS: 
WBtiitW)8 (*<02) T*£>4 (A— D) . 

[05] W\Xf— ^C0X^lpJ(7)a«<4S. WAX 

f— ^Y^-ifijOBSffiSco— «*«^UHT*4 (A 
-c) # 

[06] H5<^BMfcJ:0**jWfciifcBWB*lH 

[07] m2comm&BttzMfz>XT-imffl&m&* 

WPRt&fZthCOm (%<F>\ ) T&4 (A— D) 0 
[08] m2c0^m®^tt4Xx-^WcOM^$r 

BmH"t*fc»oH (*<o2) r*4 (a— d) . 

[fiF#*>R9!] 

1 0-^ESIS^K. 3 4-l/^^;l/fflffijXx-> 7 

{-?x7x^—iScr>—m) . 3 6-^^^aiftXT-- 

^\ 4 4-WUf-y(iS^f-y) . 5 2X- 
xj^^x/NXf-y|iM (»J»*<0— Sf) s 5 2Y 
"-Y^^x.y\xr'-^mm^ > 5 4 

■»U*:?/1*»Xt-- ^TWlBfSR (WJ«*<50-ffl) . 5 6 
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